This article summarizes the proceedings of a breakout session,
1 A working definition of effectiveness is essential to a focused emergency care research agenda. For the purposes of this consensus conference, we defined effectiveness as the delivery of evidence-based, guideline-concordant care. To date there has been limited study of the effect of emergency department (ED) crowding on effectiveness of care, despite the importance of this domain to quality care. 2 A recent study demonstrated a relationship between escalating ED crowding and decreasing likelihood of adherence to clinical guidelines with delivery of corticosteroid treatment and documentation of severity scores in pediatric patients presenting with asthma. 3 Unfortunately, this analysis is only one of a few that have shown a direct relationship between ED crowding and delivery of guideline-concordant care. Other studies, for example, have evaluated the relationship between crowding and timing of antibiotics for pneumonia 4, 5 and between crowding and thrombolysis or percutaneous intervention 7, 8 for acute myocardial infarction.
Emergency department crowding has been linked to patient morbidity and mortality across a wide spectrum of clinical conditions over the past decade, including cardiac and critical care populations. [8] [9] [10] [11] [12] One potential explanation for poorer outcomes is a decrease in clinical effectiveness during periods of crowding. 2 If we are to mitigate the effects of crowding, we will need to identify those interventions that will help us make the right decisions when the ED and providers are overloaded. Our hypothesis was that ED crowding exposes specific vulnerabilities that impair the ability to maintain emergency care effectiveness. We describe a research agenda designed to evaluate proposed interventions to maintain effectiveness of emergency care during these vulnerable periods. We frame these interventions in the traditional input-throughput-output model of ED crowding. 13 
INPUT: PROLONGED WAIT TIMES
As EDs become more crowded, overall length of stay grows, waiting rooms swell, and patients spend more time waiting to be seen by a provider. This waiting period creates a unique obstacle to prompt clinical evaluation and appropriate care delivery. The primary challenge in capacity-constrained, crowded EDs is to maintain effective emergency care that identifies patients requiring time-sensitive, guideline-based care. Potential interventions to address this challenge involve strategies to facilitate the early initiation of diagnosis and treatment.
The consensus conference breakout group identified interventions directed at initiating diagnostic and treatment protocols in the waiting room as an opportunity to improve effectiveness. For example, nurses or physician extenders could begin evaluation and treatment so that appropriate care has been initiated before evaluation by the senior provider. Furthermore, creating interventions for waiting room assessment can facilitate earlier administration of analgesics or other medications for which timely administration is considered an important element of effective care. Another proposed group of interventions identified were the potential to have waiting patients complete questionnaires (medications, allergies, medical history, etc.) to facilitate the likelihood of gathering the accurate and comprehensive information needed to deliver effective emergency care. The breakout group was careful to note that studies intended to measure improvements in effectiveness from these types of interventions would need to use clinically meaningful outcomes linked to guideline adherence, such as administration of aspirin in acute myocardial infarction or timely thrombolysis for acute ischemic stroke.
THROUGHPUT: COGNITIVE OVERLOAD
As EDs become more crowded, individual providers face an exponential increase in the number of decisions that need to be made, decreasing the time available to make each decision. ED crowding therefore increases ''decision density'' 14 at the same time that providers are more likely to be interrupted. These phenomena create conditions of cognitive overload, a term used to describe the background information and bits of memory a provider must increasingly bring to bear on critical decisions. Cognitive overload impairs provider performance and can result in poorer decision-making, errors, and adverse events. 2, 14, 15 The breakout group identified potential interventions that may combat the challenges presented by cognitive overload, including: 1) team training, 2) electronic alerts, 3) care plans, 4) protocols for specific diseases, and 5) information technology (IT) systems.
Medical team training is focused on teaching the coordination of tasks and communication with all providers (e.g., providers, nurses, and technicians) in a particular setting or department, with the shared goal of improving group performance and reducing errors during care delivery. 16 This approach stems from the military and aviation industries. A recent review of medical team training describes research demonstrating an association between teamwork and reduced medical errors. 17 Perceptions of staff attitude toward teamwork are associated with improved quality and improved staff well-being, and additionally, good team behavior is related to improved clinical performance. 17 Despite some evidence supporting team training, 18 actually demonstrating that the process of team building as an intervention can result in improved outcome has not been done in the medical clinical arena, let alone provide improved effectiveness in the crowded ED. However, team training may have hope of improving adherence to clinical guidelines, care plans, and algorithms with potential improvements in medical error rates and patient morbidity and mortality during periods of ED crowding.
Electronic alerts may provide another opportunity to ensure effective care during crowded periods by providing real-time decision support. Many health IT systems already have the capacity to provide this, but there is a paucity of literature supporting the use of alerts in any clinical setting, particularly the ED. Most of the existing literature has focused on alerts built into prescribing software in the ambulatory clinic setting to warn providers of adverse effects or remind them to order baseline labs for specific medications. 19, 20 Using newer-generation alert platforms that may include task prioritization levels could facilitate a variety of support models, such as the delivery of standard medications (e.g., corticosteroids to an asthma patients), the ordering of guideline-recommended tests (e.g., chest computed tomography scan based on the Wells criteria), and compliance with publicly reported performance measures. 21 The breakout group identified one concern that relates to the potential for ''alert fatigue'' when alerts are overused or cannot be prioritized. This situation could lead providers to ignoring or overriding them, defeating the purpose of the alert.
Care plans targeted to specific, complex patient situations may also represent a set of interventions with the potential to improve effectiveness of care delivery during periods of crowding. These care plans might allow providers to focus on the provision of the essentials of necessary and guideline-concordant care during periods of crowding. The more closely these care plans are tied to the unique needs of individual patients, the more useful they are likely to be during periods of crowding, with the caveat that they also create the potential for anchoring bias and could potentially decrease the likelihood that providers will detect important variations from prior presentations.
Protocols for specific diseases have been shown to improve adherence to recommended care, decrease variability, and improve outcomes for high-risk, timesensitive conditions such as stroke, acute myocardial infarction, trauma, and sepsis. 22 Perhaps the use of protocols could be expanded for application in highervolume, lower-acuity illnesses (e.g., asthma, psychiatric presentations, venous thromboembolic disease), which may have more effect during periods of crowding. The breakout group identified a spectrum of research hypotheses with respect to condition-specific protocols, including whether such protocols should be studied for general utilization as a means to improve effectiveness or whether they should only be used at times of ED crowding.
While sometimes considered a panacea by early adopters, health IT systems need new designs and process engineering. A review of health IT system studies, particularly those with clinical decision support and computerized provider order entry, have been demonstrated at certain institutions to positively affect physician behavior, resulting in reduced medication errors and adverse drug effects, improved adherence to guidelines, and reduced costs. 23, 24 These studies have been conducted predominantly in ambulatory care and inpatient settings and have not been applied to measuring effectiveness in the ED. There are concerns regarding the cumbersome task of data entry, which can involve keyboarding or dictating. Different data entry methods should be compared in regard to provider productivity and patient flow in the ED, particularly during periods of high volume. Furthermore, unintended consequences of implementing health IT systems include taking providers away from the bedside and decreasing direct verbal communication between members of the ED team. The impact these factors have on effectiveness during crowding in the ED is unknown and deserves investigation.
OUTPUT: PERIODS OF BOARDING
Periods of high occupancy often result in the practice of boarding, where admitted patients remain in the ED awaiting placement in inpatient hospital beds, making emergency care effectiveness vulnerable to breakdowns due to increased handoffs and delays in inpatient diagnostic or treatment plans. The challenge to maintaining effectiveness is to continue the delivery of guidelineconcordant care during periods of prolonged patient boarding time and frequent provider hand-offs. Potential interventions include checklists and improvements in care coordination within patient units, consultants, and admitting providers.
Checklists have been employed in the aviation industry 25 to decrease errors of omission and increase reliability and have also received recent popular attention regarding their application to the medical care setting. 26 Checklists have been shown to be effective in certain medical applications such as surgical site infection reduction and reduced central venous catheter complications. 27 During crowded periods, patients are subject to more hand-offs, and each provider sign-out represents an opportunity for the transfer of critical information to be inadvertently omitted between physicians, nurses, and other providers. Checklists such as the SBAR (Situation-Background-Assessment-Recommendation) technique 28 might allow for a focused means of communicating this information to ensure continued effectiveness of care under stressed ED conditions. Checklists could also be employed before and during completion of technical tasks to maintain effectiveness of care during ED crowding.
Another potential avenue of exploration is to improve care coordination with inpatient units, consultants, and admitting providers during periods of ED crowding. Perhaps during these critical periods, inpatient physicians would agree to expedite the admission or consultative process to maintain a seamless transition of care from the ED to the inpatient setting. There is some patient safety evidence supporting the strategy of immediate inpatient bedding under conditions of high ED occupancy, 29 but this has not been specifically studied for maintaining effectiveness of care delivery. The challenge may be that these interventions could create crowded conditions in other areas of the hospital, which does not ultimately improve overall system effectiveness.
OUTPUT: DISCHARGE PROCESS
More than 80% of patients evaluated in the ED are discharged home. 30 During periods of crowding, ensuring an effective outpatient care management plan may become more difficult, as providers potentially rush to disposition patients. Follow-up care and discharge instructions, a challenge even during noncrowded periods, 31 may therefore deteriorate accordingly. Unlike admitted patients, discharged patients have no provider continuously overseeing their care. As a result, unforeseen outcomes in this group, coupled with an inability to access the timely outpatient or referral care, could result in negative patient outcomes. Potential interventions identified by the breakout group to improve discharges include standardization in the discharge process and telephone follow-up.
The discharge process is a critical transition in the course of the ED visit where important information and instructions are conveyed. During periods of crowding, this process may become disrupted or disjointed. Reducing the variability in discharge practices may improve the effectiveness of care during ED crowding. The use of standardized discharge instructions, prepared discharge instructions in multiple languages, structured patient comprehension assessment tools, and the use of ''discharge teams'' of nurses and other support staff were identified as methods that could enhance discharge practices. Such changes may improve the effectiveness of care due to better patient adherence to recommended aftercare instructions, such as prescription medication use, follow up visits, and reasons for return to the ED.
Another intervention to consider that might improve effectiveness is telephone follow-ups. Telephone care management has been shown to be cost-effective in managing long-term health care in the outpatient setting by reducing medical expenses and health care utilization, 32 but has not been rigorously evaluated in the ED setting to address effectiveness of care. Telephone follow-up has been shown to be a viable means of communication for contacting discharged ED patients, however. 33 After especially crowded ED shifts, contacting discharged patients to reinforce instructions and follow-up recommendations could increase the quality and effectiveness of care. Such an intervention could improve the transition of care to the patient's primary care physician or potentially lead to reduced ED revisits and improved medication adherence.
PRIORITIZED RESEARCH AGENDA
A variation on the nominal group technique developed by Delbecq and Van de Ven 34 was used to prioritize the research interventions proposed for safeguarding system effectiveness during ED crowding. The group planning committee generated the research questions and potential interventions before the consensus conference. These were published in the meeting guide that was distributed to participants on the day of the meeting. During the breakout session, the facilitator presented sequentially each of the proposed interventions, and open discussion was solicited. A list of potential interventions was generated and organized based on modifications to the originally proposed categories for discussion. Each breakout group participant was given three votes to assess the relative importance of the various interventions proposed for study. There was no specification limiting participants to a single vote per intervention. The total number of votes for each intervention was tallied to determine the final ranking of research priorities.
The following interventions were thought to hold the most promise for study in maintaining effectiveness of emergency care during periods of ED crowding:
1. Electronic alerts (14 votes 
LIMITATIONS
The prioritized research agenda represents the opinions of a small group of interested participants based on a breakout session discussion. The interventions considered were taken from a list generated by a series of meetings and discussions held among the breakout session organizers and published in the consensus conference's guide. Therefore, these proposed interventions may not be fully representative of all interventions to consider in maintaining effectiveness of emergency care during periods of crowding. There may be additional interventions that hold promise in mitigating the effects of ED crowding on effective care. In addition, the relative merits of the research priorities have not been evaluated scientifically, and it is possible that lower-ranked research priorities may ultimately be more useful for improving the effectiveness of emergency care during periods of crowding.
CONCLUSIONS
Emergency department crowding is an inevitable aspect of emergency care delivery. Maintaining effectiveness of care during periods of ED crowding is critical to ensuring quality emergency care. There are specific points of vulnerability that can occur throughout the time course of care during a patient's progression through the ED, including prolonged wait times, cognitive overload, boarding, and the discharge process. We have presented a prioritized research agenda aimed at studying interventions that hold promise at mitigating the effects of crowding on our ability to deliver evidence-based and guideline-concordant care to our patients.
